Objectives: in elderly people, bacterial overgrowth of the small bowel may be occult. The significance of positive breath tests are uncertain: many fit elderly subjects with positive tests show no evidence of malabsorption. We assessed the prevalence and significance of bacterial overgrowth in the small bowel in a relatively unselected elderly population. Methods: residents of seven elderly people's homes had a glucose hydrogen breath test. A medical history and anthropomorphic measurements were recorded. Volunteers with positive breath tests were given doxycycline. After 4 months all volunteers were reassessed. Results: of 140 residents, 62 were tested. Nine (14.5%) had a positive breath test. There was no difference in anthropomorphic and bowel habit data between those with positive and those with negative breath tests. After 4 months of antibiotic treatment, volunteers with a positive breath test had increased weight and body mass index, while those with a negative test had decreased weight and body mass index. Conclusions: the percentage of volunteers with a positive breath test was much lower than in previous studies. This may be due to the relatively unselected nature of the volunteers. Treatment of bacterial overgrowth resulted in a small but significant improvement in anthropometric indices. The lack of association of positive breath tests with baseline anthropomorphic measurements or bowel habit highlights the occult nature of the bacterial overgrowth and questions its clinical importance.
Introduction
In old age, bacterial overgrowth of the small bowel may be associated with weight loss, weakness and lethargy [1] . Malabsorption due to bacterial overgrowth of the small bowel has been cited as an important, underrecognized cause of malnutrition in the elderly population [2, 3] .
Risk factors for bacterial overgrowth, such as a reduction in intestinal motility, small bowel diverticulosis, previous intestinal surgery and achlorhydria, are all more common in old age. The prevalence of excessive bacterial colonisation of the small bowel is unclear, with studies finding a prevalence of 20-56% in healthy elderly subjects [4, 5] . Most studies have reported on relatively small and selected groups of elderly people, such as hospital inpatients. These studies often relied on [ 14 C]-bile acid breath tests for the diagnosis of bacterial overgrowth of the small bowel. Because of substantial passage of substrate into the colon resulting in metabolism and false positive results even in normal subjects, this test has been criticised [6, 7] . The clinical importance of positive breath tests is uncertain as many fit elderly people with positive tests have no demonstrable evidence of malabsorption.
We have assessed the prevalence of bacterial overgrowth in the small bowel in residents of elderly people's homes. We also assessed the clinical importance of any such overgrowth.
Methods
Over 4 months, residents of seven elderly peoples homes in South Bristol were invited to participate in the study. Initial assessment involved a medical history including medications and anthropomorphic measurements. Residents were excluded if they were acutely unwell, had had previous upper gastrointestinal surgery, were known to have small bowel diverticulosis, had received antibiotics in the last 6 weeks or were unable to give informed consent.
After an overnight fast, volunteers underwent a standard glucose hydrogen breath test. Two endexpiratory breath samples were taken before the ingestion of glucose, then every 15 min for 90 min. Fifty grams of glucose, dissolved in 100 ml of water, was swallowed, followed by a further 100 ml of water. The samples were analysed for hydrogen using a GMI Medical exhaled hydrogen monitor, for hydrogen. If the baseline reading was greater than 40 parts per million (ppm) of H 2 , an antiseptic mouthwash was given to the volunteer, then the baseline breath sample repeated. A positive test was taken as a rise in hydrogen of greater than 20 ppm over the baseline.
All volunteers were given a stool diary to complete over the next week to assess their stool form and interdefaecatory intervals as a guide to intestinal transit time. Mean inter-defaecatory intervals were calculated. The average stool form was assessed according to a 7-point stool form scale which is sensitive to transit time (Table 1) [8, 9] .
If the volunteers produced positive hydrogen breath tests, they were given doxycycline 100 mg for 10 days each month for 4 months. Treatment was supervised by the institution's staff to ensure compliance.
After 4 months all the volunteers had their anthropomorphic measurements repeated.
The data were analysed parametrically using paired and unpaired Student t-tests as appropriate. Results are presented as means, standard deviations, 95% confidence intervals and P values. (Non-parametric analysis using two-tailed Wilcoxon ranked sum or MannWhitney tests led to similar conclusions.)
The study was approved by the research ethics committee of the United Bristol Healthcare Trust.
Results
Sixty-two volunteers were recruited from 140 residents at the residential homes. These consisted of 15 men and 47 women, with mean ages of 80.3 (SD 7.4) and 84.9 (SD 6.6) respectively. Of the 78 who were not recruited, 46 declined to take part principally because they did not want to miss breakfast, 31 were unable to give consent and one failed to complete the initial breath test.
Nine volunteers (14.5%) had a positive glucose hydrogen breath test. No volunteers had a raised baseline hydrogen breath reading. All the positive breath tests in this study were positive 30 min into the study. The anthropomorphic measurements are given in Table 2 and bowel habit data in Table 3 . There were no differences between those with positive and those with negative breath tests for all the anthropomorphic and bowel habit data. Laxative use, antimotility drugs and the use of proton pump inhibitors or H 2 antagonists were as common in both groups. Assessments made 4 months later were possible on eight volunteers who had had positive breath tests (one had died of a myocardial infarction) and 49 of those who had had a negative test (one had died of pneumonia and three had moved out of the area). In those volunteers given antibiotics, compliance was universal. Those volunteers with positive breath tests who had been treated with doxycycline gained weight and increased their body mass index, while those with a negative test lost weight, girth, hip circumference and body mass index (Table 4 , Figures 1 and 2 ).
Discussion
Only nine (14.5%) of the 62 subjects had a positive breath test. This is a lower figure than previous studies. Our sample represented only 44% of the study population, so may be influenced by selection bias.
The glucose hydrogen breath test is a well-validated test [10, 11] suitable for community surveys, but depends on the presence of H 2 -generating bacteria in the small bowel. These are absent in 10-13% of people [12] . Unless the syndrome of bacterial overgrowth of the small bowel preferentially affected those with or without H 2 -generating bacteria, this is unlikely to have influenced our results. We limited the test to 90 min to reduce false positive tests due to colonic metabolism of the glucose, thus increasing the specificity of the studies (approximate sensitivity of 78-93% and specificity of 78-89%-however, these authors used different diagnostic concentrations of breath H 2 ) [10, 11] . Extending breath tests from 2 to 4 h decreases specificity but with no improvement in sensitivity [11] . King et al. showed that when [
14 C]-D-xylose breath tests were combined with 99m Tc transit studies, optimum sensitivity and specificity were obtained at 60 min, with the exception of a few cases of delayed gastric emptying [13] . We chose 20 ppm of H 2 above the baseline as our definition of a positive test in keeping with previous studies [12] [13] [14] . This is higher than some studies, which have used 12 ppm [11] and 10 ppm [10, 15, 16] . The exact figure chosen will of course influence the number of positive tests and thus the sensitivity and specificity of the test. In our study, if the definition of a positive test were altered, the percentage of positive tests would rise from 14.5 to 20.3% at a cut-off of 15 ppm and 29.1% at a cut-off of 10 ppm. Analysis of baseline anthropomorphic variables between those with a negative breath test and those with a positive test at 10 or 15 ppm reveals no difference. Previous workers used the [ 14 C]-bile acid breath test, which may cause false positive results because of passage of substrate into the colon, even in normal subjects [6, 7] . In one study with a high percentage of positive tests in healthy elderly volunteers (56% at 3 h) [4] , only seven out of 12 hospitalized elderly patients developed negative breath tests after antibiotics. This suggests that caecal metabolism of glycocholate occurred. In another study of 103 elderly volunteers, 20% had a positive glycocholic acid breath test. However, these tests were combined with hydrogen lactose breath tests, which further increases the number of false positive tests [5] . In the same study, the lactulose breath tests were positive in 30% of normal young controls indicating colonic metabolism. The validity of the findings from this study have been questioned [17] .
The low incidence of positive tests in our study is probably due to tighter criteria for a positive hydrogen breath test and the relatively unselected nature of these volunteers (compared with hospital populations). Donald et al. [18] found small bowel overgrowth by duodenal culture in five of 13 controls and 21 of 39 patients with malnutrition, of which he considered only seven to have clinically important bacterial overgrowth. They found the [
14 C]-xylose breath test to have better specificity (89% versus 77%) and sensitivity (30% versus 20%) than the glucose test. While they did not assess response to treatment, they suggested that, given the high concentrations of bacteria in the small bowels of healthy elderly people, in the presence of a suggestive investigation, the diagnosis should rest on the clinical picture and a response to antibiotics.
In our study, the lack of association of positive breath tests with baseline anthropomorphic measurements or bowel habit suggests that the bacterial overgrowth may be benign. However, after 4 months of treatment, those volunteers with positive breath tests showed an increase in weight, while those with negative tests showed a decrease in weight and girth. In those with positive breath tests the value of followup breath tests would have been small as the bacterial flora are likely to have regrown after antibiotics and a positive or negative result would not have added to our findings. Our data may imply that the bacterial overgrowth detected is not benign, highlighting the inconspicuous presentation of this syndrome in elderly subjects. The loss in weight in those with negative tests is difficult to explain. The weight loss is probably due to a product off the high prevalence of coexistent illnesses (whether clinically obvious or occult) in a relatively unselected population of elderly people. The changes in weight in both groups were not due to changes in a few individuals, although, since so few subjects had positive tests, the possibility of a type II error has to be considered. In a longitudinal study of over-65-year-olds living in their own homes, ageing was associated with weight loss. However, neither initial weight nor change in weight was related to mortality or morbidity [19] .
Small bowel bacterial overgrowth increases with age and, without evidence of malabsorption, is probably a benign condition not requiring treatment [4, 5, 20] . In patients with evidence of malabsorption and bacterial overgrowth of the small bowel, treatment with antibiotics is useful [21] . We suggest that even in apparently well subjects the importance of positive breath tests and clinical benefits of treatment are still uncertain and need further evaluation.
Key points
• A positive H 2 breath test occurs in about 15% of subjects living in residential care homes.
• In elderly people without symptoms and signs of malabsorption, a positive H 2 breath test is of dubious significance.
